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GLOSSARY OF TERMS

Calibration: The act of checking or
adjusting (by comparison with a
standard) the accuracy of a measuring
instrument.

Obstruction: Any object that blocks a
driver’s sight line of approaching
conflicting vehicles.

School route plan: A map showing the
school, nearby streets, existing traffic
controls, and the suggested school route
for children to follow.

Sight distance: The maximum distance of
unobstructed vision in a horizontal or
vertical plane from within an automo-
bile located at any given point on a
roadway.

Horizontal sight distance: The
driver’s vision may be limited by
buildings, hedges, vehicles, trees,
bushes, tall crops, walls, fences, etc.

Vertical sght distance: The driver’s
vision may be limited by the vertical
curvature of the roadway.

Sight triangles. Specified areas along
intersection approach legs and across
their included corners.

Approach sight triangle: A sight
triangle that provides the driver of a
vehicle approaching an intersection, a
clear unobstructed view of any ap-
proaching conflicting vehicles.

Departuredght triangle: A sight
triangle that provides sufficient sight
distance for a stopped vehicle on a
minor road to depart form the intersec-
tion and enter or cross the major road.

Speeding: Exceeding the posted speed
limit or driving too fast for conditions.

Speed percentiles: A tool used to determine effective and
adequate speed limits.

50th percentile of speed: Median speed of the ob-
served data set.

85th percentile of speed: Speed at which 85% of the
observed vehicles are traveling at or below.

Traffic control device (TCD): Signs, signals, markings,
and devices placed on, over, or adjacent to a street or
highway by an authority of a public body having
jurisdiction to regulate, warn, or guide traffic.

Traffic volume: Amount of traffic that travels any given
roadway during any given time period.

Averagedaily traffic (ADT): The total volume

during a given time period (in whole days), greater
than one day and less than one year, divided by the
number of days in that time period.

Annual averagedalily traffic (AADT): Ageneral
unit of measure for traffic, which represents the annual
average traffic per day.

DEV: Daily entering volume.

Off-peak flow traffic: A time period during any given
day when the traffic volume is normally the least.

Peak-flow traffic: A time period during any given day
when the traffic volume is normally the heaviest.
Peak-flow traffic may last up to two hours in some
locations and is normally for the a.m. commute to
work and the p.m. commute home from work.

COMMONLY USED ACRONYMS

AASHTO:

CTRE:
DOT:
FHWA:
ITE:
ITSDS:
MUTCD:
NCHRP:
TEAP:

TRB:

American Association of State Highway and
Transportation Officials

Center for Transportation Research and Education
Department of Transportation

Federal Highway Administration

Institute of Transportation Engineers

lowa Traffic Safety Data Service

Manual on Uniform Traffic Control Devices

National Cooperative Highway Research Program
Traffic Engineering Assistance Program

Transportation Research Board



Intfroduction



BACKGROUND

The lowa Highway Research Board has identified the development of a simplified handbook of
transportation studies as a high priority for the state of lowa. The Center for Transportation
Research and Education (CTRE) at lowa State University was chosen to develop such a
handbook.

A well-executed, well-documented study is critical in the decision-making process for many
transportation-rel ated projects and in reporting to elected officials and members of the
community. As more research is conducted in the area of transportation, study proceduresin
many cases have become more complex. It is often difficult for local jurisdictions with limited
staff, training, experience, and time availability to perform these studies.

The most commonly used publication for traffic studies is geared toward transportation
professionals and professional engineers. That defining document, Manual of Transportation
Sudies (Institute of Transportation Engineers, 2000), is over 500 pages and includes severa
dozen types of transportation studies. Many of the transportation studies described in the manual
arerarely (if ever) used by local jurisdictions. Further, those studies that are frequently used are
at times very complex and possibly very costly to perform exactly as described. Local
jurisdictions without the staff expertise to understand and apply the manual’ s various studies
have a need for a simplified handbook of procedures to perform common traffic studies
themselves or properly define a scope of work to hire a consultant to perform the studies.

This handbook describes simplified procedures that are easy to apply and are written for all
potential users (civil engineers and traffic engineers, public works mangers, city managers and
attorneys, and the general public).

OBJECTIVES

This handbook has two primary objectives: The first objectiveisto develop a handbook of traffic
studies that is convenient for lowa jurisdictionsto usein ng traffic issues. The second
objective isto develop a series of boilerplate scopes of work that local jurisdictions can use to
hire outside consulting firms to perform traffic studies.
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CONTRIBUTIONS AND ACKNOWLEDGMENTS

One of theinitial steps taken with this manual was the formation of an advisory committee to
provide technical guidance and expertise to CTRE staff who developed the handbook. The
advisory committee islisted below alphabetically:

Steve Akes, Warren County

Greg Benedict, City of Mason City

Tim Crouch, lowa Department of Transportation
Jm George, Dallas County

Neil Hawkins, Howard R. Green Company
Randy Krauel, City of Carroll

Duane Smith, lowa State University

The advisory committee defined the studies that are most common at the local jurisdiction level
and that would provide the biggest benefits if presented in a handbook of simplified practice. In
several periodic meetings, members of this voluntary committee offered insights and
recommendations for content, presentation, and applicability of the procedures described.

The study team would also like to thank the lowa Highway Research Board for sponsoring this
important project.

IDENTIFIED COMMON TRAFFIC STUDIES
This handbook is organized into chapters, one chapter for each of the studies presented:

Spot Speed

Traffic Volume Counts
Sight Distance

Crash Analysis

School Zone Program

Each chapter includes an introduction to the study type, step-by-step instructions for each
common method of conducting the study, real-world examples, a model project work order for
contracting out, and references.

Appendixes provide additional resources and blank data-collection forms and project work
orders that can be used or modified by local jurisdictions.
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Spot Speed

. Determine the issue at hand

Select StUdy Methodology ] . . Does the study require a small or large sample

N =

3. Select the stopwatch, radar meter, or pneumatic
road tube method

. Select the proper location

1
] 2. Plan the data collection preparations
J g

Select Location 3. Select a day (Tuesday, Wednesday,

or Thursday)
4. Complete the pre-study documentation

] 1. Collect the data
Complete StUdy P> 2. Evaluate the data
J 3. Calculate the speed percentiles

— N N N/

Document 2. File the report

3. Communicate the results

] 1. Finalize the report
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INTRODUCTION

Speed is an important transportation consideration because it relates to safety, time, comfort,
convenience, and economics. Spot speed studies are used to determine the speed distribution of atraffic
stream at a specific location. The data gathered in spot speed studies are used to determine vehicle speed
percentiles, which are useful in making many speed-related decisions. Spot speed data have a number of
safety applications, including the following (Robertson 1994):

1. Deermining existing traffic operations and evaluation of traffic control devices
Evauating and determining proper speed limits
Determining the 50th and 85th speed percentiles (explained below)
Evauating and determining proper advisory speeds
Establishing the limits of no-passing zones
Determining the proper placements of traffic control signs and markings
Setting appropriate traffic signal timing
2. Establ ishing roadway design el ements
a. Evaluating and determining proper intersection sight distance (for more information refer
to Chapter 4 in this handbook)
b. Evauating and determining proper passing sight distance (for more information refer to
Chapter 3 in the AASHTO Green Book)
c. Evaluating and determining proper stopping sight distance (for more information refer to
Chapter 4 in this handbook)
3. Assessing roadway safety questions
a. Evaluating and verifying speeding problems
b. Assessing speed as a contributor to vehicle crashes
c. Investigating input from the public or other officials
4. Monitoring traffic speed trends by systematic ongoing speed studies
5. Measuring effectiveness of traffic control devices or traffic programs, including signs and
markings, traffic operational changes, and speed enforcement programs

~o Q0D

For a spot speed study at a selected location, a sample size of at least 50 and preferably 100 vehiclesis
usually obtained (Ewing 1999). Traffic counts during a Monday morning or a Friday peak period may
show exceptionally high volumes and are not normally used in the analysis; therefore, counts are usualy
conducted on a Tuesday, Wednesday, and Thursday. Spot speed data are gathered using one of three
methods: (1) stopwatch method, (2) radar meter method, or (3) pneumatic road tube method. These
methods are described in this chapter in order from least expensive to most expensive. The stopwatch
method is the least expensive and least accurate of the methods.
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SPEED PERCENTILES AND HOW TO USE THEM

Speed percentiles are tools used to determine effective and adequate speed limits. The two speed
percentiles most important to understand are the 50th and the 85th percentiles. The 50th
percentile is the median speed of the observed data set. This percentile represents the speed at
which half of the observed vehicles are below and half of the observed vehicles are above. The
50th percentile of speed represents the average speed of the traffic stream. The 85th percentileis
the speed at which 85% of the observed vehicles are traveling at or below. This percentile is used
in evaluating/recommending posted speed limits based on the assumption that 85% of the drivers
are traveling at a speed they perceive to be safe (Homburger et a. 1996). In other words, the 85th
percentile of speed is normally assumed to be the highest safe speed for a roadway section.
Wesather conditions may affect speed percentiles. For example, observed speeds may be slower

in rainy or snowy conditions.

A frequency distribution table is a convenient way to determine speed percentiles. An example is
givenin Table 2.1. The frequency of vehicles is the number of vehicles recorded at each speed.
The cumulative frequency is the total of each of the numbers (frequencies) added together row

by row from lower to higher speed. The fourth column is a running percentage of the cumulative
frequency.

Table 2.1. Example Frequency Distribution Table

Frequency of Cumulative Cumulative Speed
Speed (mph) Vehicles Freguency Per cent Per centile
15 1 1 1%
18 2 3 3%
21 6 9 P
24 12 21 21%
27 13 23 23%
30 20 54 54% S0th
33 18 72 72%
36 14 86 86% 85th
39 6 R 92%
42 6 98 9B%
45 1 ) 9%
48 1 100 100%
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The 50th and 85th speed percentiles are determined from the cumulative percent column. For the
example datain Table 2.1, the 50th percentile falls between 27 and 30 mph and the 85th
percentile falls between 33 and 36 mph. The calculationof speed percentilesis easier if asample
size of 100 vehiclesis collected. When the sample size equals 100 vehicles, the cumulative

frequency and cumulative percent are the same.

As can be observed from Table 2.1, the exact 50% and 85% (50th and 85th percentiles) are not
found in the cumulative percent column. To reach these exact percentages, acalculation is
completed using percentages and speeds from the distribution table. Shown below is the equation
for calculating speed percentiles:

P,- P,
= - (Smax - Smin) + Sm

. 2.1
Pmax - I:)min " ( )

SD:

where S, = speed at P, , B, = percentiledesired, P, = higher cumulative percent, P, = lower

cumulative percent, S, = higher speed, and S, = lower speed.

Example speed percentile calculations follow, using the example frequency distribution table in

Table 2.1. The 50th percentile of speed ( B, = 50%) falls between 27 and 30 mph (see Table 2.1),
0 S, =30mphand S, = 27 mph. The higher cumulative percent (P, ) is54%, and the

lower cumulative percent ( P,;,) is 23%. Therefore, to find S, a P, = 50%,

in

_ 50%- 23%

= 1% 3% (30 mph - 27 mph) + 27 mph = 29.6 mph.
0- 0

S

The 85th percentile of speed (P, = 85%) falls between 33 and 36 mph (see Table 2.1), s0 S, =
36 mphand S,;,= 33 mph. The higher cumulative percent ( P, ) is 86%, and the lower

cumulative percent (P,;,) is72%. Tofind S, a P, in this case (85th percentile of speed),

in

_ 85%- 72%

> 86%- 72%

(36 mph - 33 mph) + 33mph = 35.8 mph.
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(1) STOPWATCH METHOD

The stopwatch method can be used to successfully complete a spot speed study using a small
sample size taken over arelatively short period of time. The stopwatch method is a quick and

inexpensive method for collecting speed data.

Preparation Checklist for a Stopwatch Spot Speed Study

When preparing for a spot speed study using a stopwatch, use the checklist in Table 2.2. The

checklist may be modified or expanded as necessary.

Table 2.2. Stopwatch Spot Speed Study Preparation Checklist

Step OWhen Complete Notes

Obtain stopwatch

Obtain backup stopwatch

Obtain 50-100 foot tape

Obtain data collection forms

Obtain hardhat and safety vest

Obtain brightly colored reference posts

Select time and day

Contact local law enforcement

Other:

If an agency does not possess the equipment necessary to complete a spot speed study using a
stopwatch, it may be obtained from the lowa DOT, another jurisdiction, or aresponsible

consulting firm.

Key Steps to a Stopwatch Spot Speed Study

A stopwatch spot speed study includes five key steps:

1. Obtain appropriate study length.

2. Select proper location and layout.

3. Record observations on stopwatch spot speed study data form.

4. Calculate vehicle speeds.

5. Generate frequency distribution table and determine speed percentiles.
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Obtain Appropriate Study Length

The study length is important because it is used in the calculation of vehicle speeds. Table 2.3
provides recommended study lengths, which are based on the average speed of the traffic stream.
Using these recommended study lengths makes speed calculations straightforward and less
confusing. If these lengths are not appropriate, another length can be used assuming it is long

enough for reliable observer reaction times.

Table 2.3. Recommended Spot Speed Study L engths

Traffic Stream Average Speed Recommend(?getS)tudy Length
Below 25 mph 38
25-40 mph 176
Above 40 mph 264

Select Proper Location and Layout

Figure 2.1 illustrates a typical layout for conducting a spot speed study using a stopwatch. When
selecting alocation and layout, care must be exercised so that the observer can clearly see any
vertical reference posts. The observer should be positioned higher than the study area and be
looking down. The position could be on a bridge or a roadway back slope. The observer should
use reference points to aid in collecting the elapsed time it takes a vehicle to travel through the
study area. The reference point to start timing may be a brightly colored vertical post. The
reference point to end timing may be atree or a signpost in the observer’s sight line. An accurate
sketch of the site should be documented, including number of lanes, position of observer, and

description of reference points (see Figure 2.1 for an example).
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Brightly Colored
Observer Reference Post

f ~

Study Length - H :)J

" Approaching Vehicle

A

End Timing Start Timing

Figure 2.1. Stopwatch Spot Speed Study L ayout

Record Observations on Stopwatch Spot Speed Data Form

On the stopwatch spot speed data form (a blank form is provided in Appendix A.1), the observer
records the date, location, posted speed limit, weather conditions, start time, end time, and down
time. As the front wheels of a vehicle (or only the lead vehicle in a group) cross a mark or
pavement crack at the beginning of the predetermined study Iength, the observer starts the
stopwatch. The watch is stopped when the vehicle' s front wheels pass a reference line in front of

the observer. A dash isrecorded on the data form corresponding to the elapsed time observed.

Calculate Vehicle Speeds

To calculate vehicle speed, use the predetermined study length and the elapsed time it took the
vehicle to move through the course (as recorded on the stopwatch data form) in the following
formula (Robertson 1994):

D

V=——r, 2.2
1477 22)

where V = spot speed (mph), D = length (feet), and T = elapsed time (seconds). In the equation,
1.47 is a constant that converts units of feet per second into miles per hour. For example, if the
spot speed study length is 100 feet and the motorist’s elapsed time is 2.5 seconds, the motorist is
traveling at
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100fest = 27 mph.
1.47(2.5seconds)

Generate Frequency Distribution Table and Determine Speed Percentiles

Determine the 50th and 85th speed percentiles using a frequency distribution table and

caculations as described earlier.

Example Stopwatch Spot Speed Study

The city of Cottonwood Glen received a complaint of afternoon traffic speeding in aresidential
area. The city suspected this was related to students leaving a nearby high school. The first action
taken by the city was to quantify the facts by conducting a spot speed study. The city decided to

use the stopwatch method because of their limited resources.

A location was selected near the intersection of 4th Street and University Avenue, approximately
two blocks from the high school and where the city had received multiple speeding complaints
from residents. The posted speed limit is 30 mph. The study was conducted on a Wednesday and
started at 3:00 p.m. The time was selected to correspond to the period when most high school
students leave the school. The study continued until a sample size of 100 vehicles was measured.
The study length of 176 feet was used because the posted speed limit is between 25 and 40 mph,
as shown in Table 2.3. The study layout isillustrated in Figure 2.2.
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Vertical Reference
Observer Point

X
North
University Avenue <€ 1en > Ili'

Stop Timing Begin Timing

Reference Point

Figure 2.2. Example Stopwatch Spot Speed Study L ayout

The vertical reference point is the “begin timing” reference. A tree isthe “stop timing” reference
point. This vertical reference point helps with the accuracy of timing by providing aline-of-sight
to aid the observer. The results of the study are shown in Figure 2.3 (data form) and Table 2.4
(distribution table). Figure 2.3 shows elapsed time in predetermined 0.2-second intervals
(Robertson 1994).

The study shows that the 50th percentile or median speed falls between 27.2 and 28.9 mph, and
the 85th percentile of speed falls between 33.3 and 35.2 mph. Equation 2.1 is used to find the
exact speeds for the 50th and 85th percentiles of speed. For the 50th percentile of speed, P, =

50%, P

m

o = 94%, P =41%, S, =289 mph,and S, =27.2mph, s0

m mi

_ 50%- 41%

=—(28.9mph - 27.2mph) + 27.2 mph = 28.4 mph.
S = e 219 p ph) p p

For the 85th percentile of speed, P, =85%, P, =92%, P,,=83%, S

o = 30.2mph, and S, =
33.3 mph, s0

85% - 83%
=——  — (35.2mph - 33.3mph) + 33mph = 33.4 mph.
S 920/0_8‘,3%( p ph) pl p
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Date: MM/DD/YY Start Time: 1500

Name: John Doe End Time: 1545

Location: 4th Street and University Avenue Down Time: N.A.

Speed Limit: 30 mph Weather: Clear

Passenger
Seconds T%hfg Vehicles Buses Trucks Total
Record No. | Record | No. | Record | No.

1.0 120.0
1.2 100.0
14 85.7
1.6 75.5
1.8 66.6
2.0 60.0
2.2 54.5
24 50.0
2.6 46.1
2.8 42.8 | 1 1
3.0 40.0 [ 1 1
3.2 375 it 6 6
34 35.2 THRII 9 9
3.6 33.3 LI 8 Il 2 10
3.8 315 NIl 8 I 2 10
4.0 30.0 HL 6 1l 3 9
4.2 28.9 S 10 | 1Nl 3 13
4.4 27.2 THE 11 9 I 2 11
4.6 26.1 UL 7 Il 2 9
4.8 25.0 TR 7 | 1 8
5.0 24.0 n 4 || 1 |1 2 7
5.2 23.0 | 1 1
54 22.2 Il 2 1 1 2
5.6 21.4 11} 3 3
5.8 20.6
6.0 20.0
6.2 19.3
6.4 18.7
6.6 18.1
6.8 17.6
7.0 17.1

Total 100

Figure 2.3. Example Stopwatch Spot Speed Study Data Form
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Table 2.4. Example Stopwatch Spot Speed Study Distribution Table

Speed Frequency of Cumulative Cumulative Speed
(mph) Vehicles Frequency Per cent Per centile
21.4 3 3 3%
22.2 2 5 5%
23 1 6 6%
24 7 13 13%
25 8 21 21%
26.1 9 30 30%
27.2 11 41 41%
28.9 13 54 54%
30 9 63 63%
315 10 73 73%
33.3 10 83 83%
35.2 9 92 92%
375 6 98 98%
40 1 99 99%
42.8 1 100 100%

A 5-mph rule of thumb is sometimes used to determine whether the 85th percentile of speed is
too high compared to the posted speed limit. If the 85th percentile of speed is5 mph or more
above the posted speed limit, the situation should be evaluated. In this case, the 85th percentile
of speed was 3.4 mph above the posted speed limit, so speeding may not have been an issue. If
the 85th percentile of speed would have been 5 mph or more above the posted speed limit, the
following actions could have been considered:

Adjust the posted speed limit.
Increase speeding enforcement.
Initiate traffic calming measures.
Conduct public awareness efforts.
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(2) RADAR METER METHOD

A radar meter is a commonly used device for directly measuring speeds in spot speed studies
(see Figure 2.4). This device may be hand-held, mounted in a vehicle, or mounted on a tripod.
The effective measuring distance for radar meters ranges from 200 feet up to 2 miles (Parma
2001). A radar meter requires line-of-sight to accurately measure speed and is easily operated by
one person. If traffic is heavy or the sampling strategy is complex, two radar units may be
needed.

Figure 2.4. Radar Meter

Different sized vehicles and the detection of the observation vehicle may affect radar readings
(Currin 2001). Large vehicles such as trucks and buses send the strongest return signal to the
radar meters and as aresult smaller vehicles may not be detected. If there is a presence of large
vehicles, the observer may need to record the speeds of vehicles that are alone. Also, some
vehicles are equipped with radar detectors to warn them that a radar unit is operating in their
vicinity. Drivers will slow down when warned by a detector. It is not unusua for other driversto
slow down also. This slowing will affect the study results. The radar unit may be turned off

while not in use so radar detectors cannot detect it.

Spot Speed 211



Radar Meter Spot Speed Study Preparation Checklist

When preparing for a spot speed study using aradar meter, use the checklist in Table 2.5. The
checklist may be modified or expanded as necessary.

Table 2.5. Radar Meter Spot Speed Study Preparation Checklist

Step OWhen Complete Notes

Obtain radar meter

Read instructions and safety directions for the radar meter

Obtain backup battery

Obtain tripod to support radar meter

Create data collection forms

Obtain hardhat and safety vest

Select time and day

Contact local law enforcement

Other:

Because of its cost, aradar meter may be the most difficult piece of equipment for anagency to
obtain. A radar meter can be purchased, or one may be obtained (rented or borrowed) from a

local law enforcement agency.

Key Steps to a Radar Meter Spot Speed Study

A radar meter spot speed study includes four key steps:

1. Select proper location and placement of radar meter.

2. Determine an appropriate selection strategy.

3. Record observations on radar meter spot speed study data form.

4. Generate frequency distribution table and determine speed percentiles.

Select Proper Location and Placement of Radar Meter

Proper placement of the radar meter at the study areais critical. The positioning of the radar unit
is determined by the capabilities of the radar unit (as listed in the users manual). The unit should
also be concealed from the view of notorists. Effective ranges may be up to 2 miles, but as the

distance increases the effectiveness decreases (Robertson 1994). The least accurate position,
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which often results in no readings at all, is obtained when the meter is aimed at a 90-degree angle
to the roadway centerline (Homburger et al. 1996). An accurate sketch of the site should be

documented, including number of lanes, position of observer, and description of reference points.

Determine an Appropriate Selection Strategy

Except for studies conducted under low-volume conditions, it isimpossible to obtain a radar
measurement for every vehicle. For peak flow analysis, speeds are measured during the peak
period. For assessing general speed trends or for setting speed limits, off-peak measurements are

more appropriate.

The selection of the target vehicle that represents the vehicle population under study is also
important. A good question to ask is, “What type or types of vehicles are of concern—cars,
trucks, buses, or others?’ Typically cars, stationwagons, pickup and panel trucks, and
motorcycles are classified as passenger cars. Other trucks and buses are classified as trucks.
School buses and farm equipment may be recorded separately. When the target vehicleis
defined, a selection strategy is developed to provide a random sample. A random sample will
reduce the tendency to select the vehicles that stand out. For example, the observer could obtain

a speed reading from every fourth vehicle or every tenth vehicle.

Record Observations on Radar Meter Spot Speed Data Form

On the radar meter spot speed data form (a blank form is provided in Appendix A.2), the
observer records the date, location, posted speed limit, weather conditions, start time, end time,
and down time. A dash is recorded on the data form corresponding to speed observed for each
selected vehicle (or only the lead vehicle in a group) under the appropriate vehicle-type

classification.
Generate Frequency Distribution Table and Determine Speed Percentiles

Determine the 50th and 85th speed percentiles using a frequency distribution table and

caculations as described earlier.
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Example Radar Meter Spot Speed Study

The city of MclIntyre noticed a high number of traffic crashes in the morning along Main Street.
The city decided to conduct a spot speed study to see how vehicle speeds compared to the posted
speed limit. The police department offered their radar meter to be used and so the city decided to
use the radar meter method to conduct the spot speed study. The city determined they would not
need assistance from local law enforcement personnel. The study was conducted from within a

vehicle, so a hardhat and safety vest were not required.

The city decided to conduct the study near the corner of 6th Street and Main Street, the
intersection where a larger number of the crashes were occurring. The posted speed limit on
Main Street is 35 mph. The study was conducted on a Thursday, from 7:00 am. to 7:25 am. The
time period was chosen to capture morning commutes to the local high school and to work. A
sample size of 100 was recorded. The study layout isillustrated in Figure 2.5. The observer used
atree to conceal the observation vehicle from the target vehicles. The results of the study are
shown in Figure 2.6 (data form) and Table 2.6 (distribution table).

Main Street

_____________ L

I Target Vehicle
O (I Observer

With Radar

Tree used to conceal
observer

Figure 2.5. Example Radar Meter Spot Speed Study L ayout
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Date: MM/DD/YY
Name: John Doe
Location: 6th Street and Main Street

Start Time: 0700
End Time: 0725
Down Time: N.A.

Speed Limit: 35 mph Weather: Clear
Passenger Vehicles Buses Trucks
Speed Record No. Record No. Record No. Total

15

16

17

18

19

20

21 I 2 2
2 [ 1 1
23 I 1 I 2 3
24 [11 4 4
25 I 1 1
26 11 3 3
27 I 2 [ 1 3
28 I 2 2
29 L 5 I 2 7
30 I 2 [ 1 3
31 11 3 3
32 ~ 5 5
33 11 3 3
A 11 3 [ 1 [ 1 5
35 [T 6 I 2 8
36 NN 6 6
37 ~L 6 I 2 8
33 [ 4 4
39 ~NLL 6 6
40 [11 4 4
1 T 5 I 2 7
42 3 3
413 2 2
4 4 4
45 2 2
46

47

48

| 1 1
49
50
Total 100

Figure 2.6. Example Radar Meter Spot Speed Study Data Form
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Table 2.6. Example Radar M eter Spot Speed Distribution Table

Speed Frequency of Cumulative Cumulative Speed
(mph) Vehicles Frequency Per cent Per centile

21 2 2 2%

22 1 3 3%

23 3 6 6%

24 4 10 10%
25 1 11 11%
26 3 14 14%
27 3 17 17%
28 2 19 19%
29 7 26 26%
30 3 29 29%
31 3 32 32%
32 5 37 37%
33 3 40 40%
34 5 45 45%
35 8 53 53%
36 6 59 59%
37 8 67 67%
38 4 71 71%
39 6 77 77%
40 4 81 81%
41 7 88 88%
42 3 91 91%
43 2 93 93%
44 4 97 97%
45 2 99 99%
47 1 100 100%

The study shows the 50th percentile or median speed was between 34 and 35 mph, and the 85th
percentile of speed was between 40 and 41 mph. Equation 2.1 is used to find the exact speeds for
the 50th percentile of speed and the 85th percentile of speed. For the 50th percentile of speed,

P, =50%, P, =53%, P, =45%, S

m mi m

« =35 mph,and S =34 mph, so

_ 50%- 45%

0- 0

S
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For the 85th percentile of speed, P, =85%, P, =88%, P,,=81%, S

m

« =41l mph,and S =
40 mph, so

_ 85%- 81%

> 88%- 81%

(41 mph - 40 mph) + 40 mph = 40.6 mph.

A 5-mph rule of thumb is sometimes used to determine whether the 85 percentile of speed istoo
high compared to the posted speed limit. If the 85th percentile of speed is 5 mph or more above
the posted speed limit, the situation should be evaluated. In this case, the 85th percentile of speed
was 5.6 mph above the posted speed limit, so speeding may be an issue. This situation should be
considered for further evaluation. The following actions may be considered:

Adjust the posted speed limit.
Increase speeding enforcement.
Initiate traffic calming measures.
Conduct public awareness efforts.

Information on contracting for a spot speed study, including a project work order using the city

of Mclntyre example, is provided near the end of this chapter.

(3) PNEUMATIC ROAD TUBE METHOD

The pneumatic road tube method is normally used for longer data collection time periods than
those of either the stopwatch or radar meter method. Using this method, pneumatic tubes are
placed in the travel lanes (see Figure 2.7) and are connected to recorders located at the side of the
road (see Figure 2.8).

Spot Speed 217



Figure 2.8. Road Tubes and Recorder

The automatic recorders are capable of storing large amounts of individual vehicle data or even
larger amounts of vehicle classification data. The collected data are downloaded from the
recorder to a laptop computer or portable floppy disk drive in the field, or via telephone modem
to a centrally located computer.
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Pneumatic Road Tube Spot Speed Study Preparation Checklist

When preparing for a spot speed study using pneumatic road tubes, use the checklist in Table
2.7. The checklist may be modified or expanded as necessary.

Table 2.7. Pneumatic Road Tube Spot Speed Study Preparation Checklist

Step OWhen Complete Notes

Obtain equipment

Read users’ manual

Obtain measuring tape for spacing tubes

Obtain software

Obtain scissors for trimming tubes

Select method for attaching tubes to the roadways

Obtain recorders

Obtain new batteries for recorders

Obtain hardhat and safety vest

Select time and day

Select location

Involve corresponding jurisdiction to provide traffic control

Other:

Pneumatic road tube spot speed studies require specialized equipment and knowledge of how to
maintain the equipment. Few jurisdictions have the equipment to adequately complete this study;
most jurisdictions require assistance from the lowa DOT or a consulting firm. Information on
contracting for a spot speed study, including a project work order example, is provided near the

end of this chapter.

Key Steps to a Pneumatic Road Tube Spot Speed Study

A pneumatic road tube spot speed study includes four key steps (Robertson 1994).

1. Perform necessary office preparations.

2. Deploy and calibrate data collection equipment.

3. Check data and retrieve equipment.

4. Generate frequency distribution table and determine speed percentiles.
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Perform Necessary Office Preparations

During office preparations, coordinate all data collection activities with appropriate state and
local officias, including transportation, traffic, and law enforcement agencies. For example, you
may coordinate with state or local officials in obtaining traffic control for the deployment and
recovery of equipment. The field team must be briefed on the data collection process to ensure
that all observers are collecting the same type of data. The team should assemble and inspect all
tools, supplies, and equipment. Each piece of equipment should be tested in advance of using.

Deploy and Calibrate Data Collection Equipment

The road tubes are prepared on the roadside to minimize the time each traffic lane is closed.
Workers then place the road tubes across the lanes. The location of the tubes should be outside
the influence of other factors such as an intersection, major access points, etc. The separation of
the pneumatic tubes should be 2—15 feet. For the specific spacing of the pneumatic tubes refer to
the users manual. Traffic control should be provided to protect the crew. After placing, the crew
should make sure that the tubes are functioning properly. Finally, the crew can secure the road

tubes to the pavement. To avoid theft, the recorder should be secured.

Check Data and Retrieve Equipment

The accuracy of the equipment in measuring the speeds of the traffic stream should be checked.
The recorder first measures the elapsed time it takes the vehicle to pass over the tubes. Then this
time interval is converted to the corresponding spot speed. The elapsed time can be checked with
a stopwatch. The crew can adjust the recorder until the correct speeds are being recorded. It is
advisable to check the function and accuracy of the equipment at least once during every 24-hour
data collection period. When the data collection period has ended, the recorded data should be
checked again for accuracy. Crews recover data collection equipment by reversing the process
they used to deploy it.

Generate Frequency Distribution Table and Determine Speed Percentiles

Determine the 50th and 85th speed percentiles using a frequency distribution table and

calculations as described earlier.
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CONTRACTING FOR A SPOT SPEED STUDY

Information Gathering

Before ajurisdiction contacts an engineering consulting firm to perform a spot speed study, a
variety of information may need to be collected. Any available information may aid the
consulting firm in adequately completing the study. The following is alist of possible

information that an engineering consulting firm may request:

written description of the issue at hand
map of posted speed limitsin the area
preliminary speed studies

proposed future land use changes
documented citizen input

location map

appropriate contact persons

any other relevant information

The following project work order may assist local governments in contracting to an engineeri

ng

firm. The example project work contains information from the radar method example (a blank

form is provided in Appendix E).
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Project Work Order: Spot Speed Study

Referenced Agreement

Thiswork order is part of an agreement between KWB Consulting and the city of Mclntyre for municipal
engineering services.

Project Location Description

Thiswork involves conducting a spot speed study near the location of 6th Street and Main Street in Mclntyre. A
map depicting the location is attached.

Obligation of the City/County

Thecity shall provide the following items to the consultant: map of post speed limits, preliminary spot speed
studies, and list of important contacts.

Scope of Consultant Services

Thiswork includes gathering and evaluating spot speed data. The 85th percentile of speed will be calculated along
with recommendations for improvement of the study areaif needed.

Schedule

Field meeting date:
Estimated date of preliminary deliverable:
Estimated date of final deliverable:

Compensation

Labor cost $

Direct expenses $

Subcontractor cost $

Overhead $

Maximum payable $
Authorization

City of Mclntyre KWB Consulting

City/County Contractor

City/County Administrator Project Manager’s Name/Title

Signature Signature

Date Date
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INTRODUCTION

Traffic volume studies are conducted to determine the number, movements, and classifications of roadway
vehicles a a given location. These data can help identify critical flow time periods, determine the influence
of large vehicles or pedestrians on vehicular traffic flow, or document traffic volume trends. The length of
the sampling period depends on the type of count being taken and the intended use of the data recorded.
For example, an intersection count may be conducted during the peak flow period. If so, manua count

with 15-minute intervals could be used to obtain the traffic volume data

USING COUNT PERIOD TO DETERMINE STUDY METHOD

Two methods are available for conducting traffic volume counts: (1) manual and (2) automatic. Manua
counts are typicaly used to gather data for determination of vehicle classification, turning movements,
direction of travel, pedestrian movements, or vehicle occupancy. Automatic counts are typically used to
gather data for determination of vehicle hourly patterns, daily or seasonal variations and growth trends, or
annual traffic estimates.

The sdlection of study method should be determined using the count period. The count period should be
representative of the time of day, day of month, and month of year for the study area. For example, counts
at a summer resort would not be taken in January. The count period should avoid specia event or
compromising weather conditions (Sharma 1994). Count periods may range from 5 minutes to 1 yesr.
Typical count periods are 15 minutes or 2 hours for peak periods, 4 hours for morning and afternoon

peaks, 6 hours for morning, midday, and afternoon peaks, and 12 hours for daytime periods (Robertson
1994). For example, if you were conducting a 2-hour pesk period count, eight 15-minute counts would be
required.

The study methods for short duration counts are described in this chapter in order from least expensive

(manual) to most expensive (automatic), assuming the user is starting with no equipment.
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(1) MANUAL COUNT METHOD

Most applications of manual counts require small samples of data at any given location. Manua counts are
sometimes used when the effort and expense of automated equipment are not justified. Manual counts are

necessary when automatic equipment is not available.

Manual counts are typically used for periods of less than a day. Normal intervals for amanual count are 5,
10, or 15 minutes. Traffic counts during a Monday morning rush hour and a Friday evening rush hour may
show exceptiondly high volumes and are not normally used in anayss; therefore, counts are usually
conducted on a Tuesday, Wednesday, or Thursday.

Manual Count Recording Methods

Manual counts are recorded using one of three methods: tally sheets, mechanical counting boards, or

electronic counting boards.

Tally Sheets

Recording data onto tally sheetsis the smplest means of conducting manual counts. The data can be
recorded with atick mark on a pre-prepared field form. A watch or stopwatch is necessary to measure
the desired count interval. A blark traffic volume count intersection tally sheet is provided in Appendix B.

Mechanical Counting Boards

Mechanical count boards consist of counters mounted on a board that record each direction of travel.
Common counts include pedestrian, bicycle, vehicle classification, and traffic volume counts. Typical
counters are push button devices with three to five registers. Each button represents a different
gratification of type of vehicle or pedestrian being counted. The limited number of buttons on the counter
can restrict the number of classifications that can be counted on a given board. A watch or a stopwatch is
also necessary with this method to measure the desired count interval. See Figure 3.1 for an example

mechanica counting board.
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Figure 3.1. Mechanical Counting Board

Electronic Counting Boards

held devices used in collecting traffic count data.

hand-

They are smilar to mechanica counting boards, but with some important differences. Electronic

Electronic counting boards are battery-operated

, more compact, and easier to handle. They have an interna clock that

automatically separates the data by time interval. Specid functions include automatic data reduction and

counting boards are lighter

whichsavestime. See Figure 3.2 for an

summary. The data can aso be downloaded to a computer,

example dectronic counting board.
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Figure 3.2. Electronic Counting Board

Manual Count Study Preparation Checklist

When preparing for amanua count study, use the checklist in Table 3.1. This checklist may be modified
or expanded as necessary.

Table 3.1. Manual Count Study Preparation Checklist

Step O When Complete Notes

Obtain tally sheet or counting board

Obtain watch

Obtain hardhat and safety vest

Sdlect location

Sdlect time and day

Determine avallability of recorders

Contact other jurisdictions/schools

Contact adiacent res dents/businesses

Other:

If an agency does not possess the equipment necessary to complete a manual count study, it may be
obtained from the lowa DOT, another jurisdiction, or a respongble consulting firm.
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Personnel Involved in a Manual Count Study

The size of the data collection team depends on the length of the counting period, the type of count
being performed, the number of lanes or crosswalks being observed, and the volume levd of traffic
(Robertson 1994). The number of personnd needed also depends on the study data needed. For

example, one observer can record certain types of vehicles while another counts total volumes.

Observers conducting manua traffic counts must be trained on the study purpose. To avoid fatigue,
observers must be relieved periodicaly. Every 2 hours observers should take a 10 to 15 minute break.

Key Steps to a Manual Count Study

A manud count study includes three key steps:

1. Perform necessary office preparations.
2. Select proper observer location.
3. Label data sheets and record observations.

Perform Necessary Office Preparations

Office preparations start with areview of the purpose of the manua count. This type of informeation will
help determine the type of equipment to use, the fied procedures to follow, and the number of
observers required. For example, an intersection with multiple approach lanes may require eectronic

counting boards and multiple observers.

Select Proper Observer Location

Observers must be positioned where they have aclear view of the traffic. Observers should be
positioned away from the edge of the roadway. If observers are positioned above ground level and
clear of obgtructions they usudly have the best vantage point. Visua contact must be maintained if there

are multiple observers at a Site. If views are unobstructed, observers may count from insde a vehicle,
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Label Data Forms and Record Observations

Manua counts may produce alarge number of dataforms; therefore, the data forms should be carefully
labeled and organized. On each taly sheet (ablank taly sheet is provided in Appendix B), the observer
should record the location, time and date of observation, and wegther conditions. Follow the data

recording methods discussed earlier.

Example Manual Count Study

Smith City was consdering aland use change on one of its city blocks. The proposa was to remove
four houses and construct an apartment complex (see Figure 3.3). This proposed land use change
would affect traffic volume. The city wanted to document the traffic volumes at the closest intersection
during the peak flow period of the day. The study was conducted at the intersection of 7th Street and
Dedaware Avenue, an uncontrolled intersection. The time period chosen, 7:00 am. to 9:00 am.,
included the morning pesk flow.

Apartment Complex

Tth Strest

Delaware Avenue LD

Figure 3.3. Example Proposed Apartment Complex and Intersection
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The city decided to conduct a manud traffic count using the tally sheet method because they did not
have access to amechanica or dectronic counting board. The example tally sheet in Figure 3.4 shows
one 15-minute count. There were 71 westbound vehicles on Delaware Avenue. If you multiply this
number by eight (eight 15-minute periods in a 2-hour peak flow), you arrive at 586 vehicles during the
pesk flow. Typicaly 2-hour pesk flow counts would be conducted once in the morning and oncein the

afternoon.

If an gpartment complex is introduced, another study may need to be conducted. The apartment
complex could increase the traffic volume. If the traffic volume is increased, there may be aneed for
new traffic control. Theinitid study provides a basdine count that can be used in atraffic impact
andysisor atraffic control device evauation. The Manual on Uniform Traffic Control Devices

provides current standards on traffic control device warrants.

Information on contracting for atraffic volume count study, including a project work order using the
Smith City example, is provided near the end of this chapter.
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Figure 3.4. Example Manual Intersection Volume Count Tally Sheet
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(2) AUTOMATIC COUNT METHOD

The automatic count method provides ameans for gathering large amounts of traffic data. Autometic
counts are usudly taken in 1-hour intervals for each 24-hour period. The counts may extend for aweek,
month, or year. When the counts are recorded for each 24-hour time period, the pesk flow period can
be identified.

Automatic Count Recording Methods

Automatic counts are recorded using one of three methods: portable counters, permanent counters, and
videotape.

Portable Counters

Portable counting is aform of manual observation. Portable counters serve the same purpose as manua
counts but with automatic counting equipment. The period of data collection using this method is usidly
longer than when using manua counts. The portable counter method is mainly used for 24-hour counts.
Pneumatic road tubes are used to conduct this method of automeatic counts (see Figure 3.5). Specific
information pertaining to pneumétic road tubes can be found in the users manudl.

Figure 3.5. Pneumatic Road Tube and Recorder
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Permanent Counters

Permanent counters are used when long-term counts are to be conducted. The counts could be
performed every day for ayear or more. The data collected may be used to monitor and evauate traffic
volumes and trends over along period of time. Permanent counters are not a cost- effective option in

mogt Stuations. Few jurisdictions have access to this equipment.

Videotape

Observers can record count data by videotaping traffic. Traffic volumes can be counted by viewing
videotapes recorded with a camera at a collection ste. A digital clock in the video image can prove
ussful in noting time intervas. Videotaping is not a cost-effective option in mogt Stuations. Few amadll

jurisdictions have access to this equipment.

Automatic Count Study Preparation Checklist

When preparing for an automatic count study, use the checklist in Table 3.2. This checklist may be
modified or expanded as necessary.

Table 3.2. Automatic Count Study Preparation Checklist

Step OWhen Complete Notes

Obtain equipment

Read users’ manual

Obtain measuring tape for spacing tubes

Obtain software

Obtain scissors for trimming tubes

Select method for attaching tubes to the roadways

Obtain recorders

Obtain new batteries for recorders

Obtain hardhat and safety vest

Select time and day

Select location

Involve corresponding jurisdiction to provide traffic control

Notify thejurisdiction’s roadway sweeper
(to avoid potential damage to road tubes)

Other:

Note: Replace road tube equipment with video recorder and videotapesif applicable.
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Automatic count studies require specialized equipment and knowledge of how to maintain the equipment.
Few jurisdictions have the equipment to adequately complete this study; most jurisdictions require

assistance from the lowa Department of Transportation or an engineering consulting firm. Information on
contracting out for a traffic volume count study, including a project work order example, is provided near

the end of this chapter.

Key Steps to an Automatic Count Study

An automatic count study includes three key steps (Robertson 1994):

1. Perform necessary office preparations.
2. Deploy and cdlibrate data collection equipment.
3. Check data and retrieve equipment.

Perform Necessary Office Preparations

During office preparations, coordinate all data collection activities with appropriate state and local officials,
including transportation, traffic, and law enforcement agencies. For example, you may coordinate with
state or local officiasin obtaining traffic control for the deployment and recovery of equipment. The field
team must be briefed on the data collection process to ensure that al observers are collecting the same
data type. The team should assemble and inspect al tools, supplies, and equipment. Each piece of
equipment should be tested.

Deploy and Calibrate Data Collection Equipment

The portable counter method using pneumatic road tubes is described here since the other methods are not
cost-effective for jurisdictions in most automatic count study situations. The road tubes are prepared on
the roadside to minimize the time each traffic lane is closed. Workers then place the road tubes across the
lanes. The location of the tubes should be outside the influence of other factors such as an intersection,
major access points, etc. Traffic control should be provided to protect the crew. After placing, the crew
should make sure that the tubes are functioning properly. Finally, the crew can secure the road tubes to

the pavement. To avoid theft, the recorder may a so be secured.
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Check Data and Retrieve Equipment

When the data collection period has ended, the recorded data are checked for accuracy. Crews
recover data collection equipment by reversing the process they used to deploy it.

EXAMPLES OF TRAFFIC VOLUME COUNT STUDIES

Intersection Counts

Intersection counts are used for timing traffic Sgnas, designing channdization, planning turn prohibitions,
computing cgpacity, andyzing high crash intersections, and evauating congestion (Homburger et d.
1996). The manual count method is usudly used to conduct an intersection count. A single observer can
complete an intersection count only in very light traffic conditions.

Theintersection count classification scheme must be understood by al observers before the count can
begin. Each intersection has 12 possible movements (see Figure 3.6). The intersection movements are
through, left turn, and right turn. The observer records the intersection movement for each vehicle that

"

—4
L

enters the intersection.

Minor Sireet

o3

A Wajer Sl

i

Figure 3.6. I nter section M ovements
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Pedestrian Counts

Pedestrian count data are used frequently in planning applications. Pedestrian counts are used to evaluate
sidewalk and crosswalk needs, to justify pedestrian signals, and to time traffic signals. Pedestrian counts
may be taken at intersection crosswalks, midblock crossings, or along sidewalks.

When pedestrians are tallied, those 12 years or older are customarily classified as adults (Robertson 1994).
Persons of grade school age or younger are classified as children. The observer records the direction of

each pedestrian crossing the roadway.

Vehicle Classification Counts

Vehicle classification counts are used in establishing structural and geometric design criteria, computing
expected highway user revenue, and computing capacity. If a high percentage of heavy trucks exists or if
the vehicle mix at the crash site is suspected as contributing to the crash problem, then classification
counts should be conducted.

Typicaly cars, station wagons, pickup and panel trucks, and motorcycles are classified as passenger cars.
Other trucks and buses are classified as trucks. School buses and farm equipment may be recorded
separately. The observer records the classification of the vehicles and the vehicles' direction of trave at
the intersection.

Average Daily Traffic and Annual Average Daily Traffic
Counts

Average daily traffic (ADT) counts represent a 24-hour count at any specified location. These counts are
obtained by placing an automatic counter at the analysis location for a 24-hour period. Accuracy of the
ADT data depends on the count being performed during typical roadway, weather, and traffic demand
conditions. Locd levels of government will typically conduct this type of count.

Annual average daily traffic (AADT) counts represent the average 24-hour traffic volume at a given

location averaged over afull 365-day year. AADT volume counts have the following uses:
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measuring or evauating the present demand for service by the roadway or facility
developing the mgjor or arteria roadway system

locating areas where new facilities or improvements to existing facilities are needed
programming capital improvements

CONTRACTING FOR A TRAFFIC VOLUME COUNT
STUDY

Information Gathering

Before ajurisdiction contacts an engineering consulting firm to perform atraffic volume count study, a
vaiety of information may need to be collected. Any information may ad the consulting firmin
adequately completing the study. The following isalist of possible information that an engineering
conaulting firm may request:

issue & hand

historic volume counts

exiging zoning

proposed future land use changes
traffic impact satements if available
ctizen input

location map

appropriate contact persons

any other rdlevant information

The following project work order may assist local governmentsin contracting to an engineering firm.
The example project work order contains information from the manua count method example (ablank
formis provided in Appendix E).
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Project Work Order: Traffic Volume Count Study

Referenced Agreement

Thiswork order is part of an agreement between Mclntyre and Associates and the city of Smith City for municipal
engineering services.

Project Location Description

Thiswork invo